Abstract: Childhood abuse has an enduring impact on the brain's stress system. Whether the effects of childhood abuse and adulthood stress are additive (cumulative stress hypothesis) or interactive (mismatch hypothesis) is widely disputed, however. The primary aim of this study was to test the utility of the cumulative stress and mismatch hypotheses in understanding brain and behaviour. We recruited 64 individuals (aged 14-26) from a specialised clinic for assessment and early intervention of mental health problems in young people. A T1-weighted MRI, a resting state fMRI and clinical assessment were acquired from each participant. Grey matter estimates and resting state functional connectivity (rsFC) of the hippocampus, amygdala and anterior cingulate cortex (ACC) were determined using segmentation and seed-to-voxel rsFC analyses. We explored the effects of childhood abuse and recent stress on the structure and function of the regions of interest within general linear models. Worse psychiatric symptoms were significantly related to higher levels of life time stress. Individuals with mismatched childhood and recent stress levels had reduced left hippocampal volume, reduced ACC-ventrolateral prefrontal cortex rsFC and greater ACC-hippocampus rsFC, compared to individuals with matched childhood and recent stress levels. These results show specific utility of the cumulative stress hypothesis in understanding psychiatric symptomatology and of the mismatch hypothesis in modelling hippocampal grey matter, prefrontal rsFC, and prefrontal-hippocampal rsFC. We provide novel evidence for the enduring impact of childhood abuse on stress reactivity in a clinical population, and demonstrate the distinct effects of stress in different systems. Hum Brain Mapp 38:2709-2721, 2017.
INTRODUCTION
The brain regions involved in emotion and stress undergo both dendritic and synaptic remodelling in response to a psychologically traumatic event. The effects differ depending on the frequency, severity and timing of the stressor(s) (for review, see McEwen et al. [2015] ). Human neuroimaging studies have found that adults with a history of childhood maltreatment and even those with a recent exposure to trauma have reduced hippocampal, amygdala and anterior cingulate cortex (ACC) grey matter, compared to individuals without any history of trauma [Aas et al., 2012 , Ansell et al., 2012 , Chaney et al., 2014 , Cohen et al., 2006 , Dannlowski et al., 2012 , Hoy et al., 2012 , Kuo et al., 2012 , Malykhin et al., 2012 , Opel et al., 2014 , Papagni et al., 2011 , Sodre et al., 2014 , Vythilingam et al., 2002 , Woon et al., 2010 . Childhood maltreatment has also been associated with reduced functional connectivity between regions involved in stress [Birn et al., 2014 , Chugani et al., 2001 , Herringa et al., 2013 , Thomason et al., 2015 . In contrast, high adulthood stress has been linked to elevated hippocampal-ventromedial prefrontal cortex connectivity [Admon et al., 2013a] , as well as reduced anterior cingulate functional connectivity [Kennis et al., 2015] .
Childhood abuse is strongly associated with adulthood mental illness. For example, a Canadian study of over 23,000 individuals found physical or sexual abuse in childhood tripled the risk of a psychiatric diagnosis in adulthood [Afifi et al., 2014] . Despite the compelling evidence that early life plays a large role in determining emotional processing, stress sensitivity and psychiatric risk in adulthood [Buchmann et al., 2014 , Poon and Knight, 2012 , van Vugt et al., 2014 , Young and Widom, 2014 , Scott et al., 2010 , Spauwen et al., 2006 , the interaction of childhood and adulthood stress on brain structure and function has not been thoroughly researched in humans. Two opposing views have emerged that attempt to describe how early life stress programs an individual's response to later life stress [Nederhof and Schmidt, 2012] . The cumulative stress hypothesis suggests greater exposure to trauma increases disease risk and neurobiological abnormalities in a dose dependent manner. Under this model, childhood and adulthood stress have an additive effect, which is supported by numerous reports of a correlation between lifetime stress and risk of mental illness [Kuhn et al., 2015 , Myers et al., 2015 , Toussaint et al., 2016 , Vinkers et al., 2014 . On the other hand, the mismatch hypothesis suggests an individual is programmed by their early life environment to be suited to a similar environment later in life. The interactive effect of childhood and adulthood stress is central to this theory, in such that an individual with a history of childhood abuse would be at heighted disease risk only if their adulthood environment was not stressful [Santarelli et al., 2014] . Support or rejection of these hypotheses may enhance our understanding of stress sensitivity following childhood abuse. In turn, we can gain insight into the association of childhood abuse with enhanced psychiatric risk. Furthermore, by identifying the neurobiological consequences of childhood abuse and recent stress, we can provide a concrete basis for early intervention strategies and aid development of targeted treatment programs.
Previous neuroimaging studies have not provided clear support for either theory. Amongst veterans with a history of childhood maltreatment, greater combat exposure was correlated with reduced amygdala volume and reduced ACC thickness [Kuo et al., 2012 . However, for veterans without childhood maltreatment, their combat exposure was not related to amygdala volume or ACC thickness. In another study, increased combat exposure and more severe childhood maltreatment were independently associated with enhanced blood oxygenation level dependent (BOLD) response of two anatomically distinct regions of the dorsal ACC upon angry face presentation [Herringa et al., 2013] . Together, this evidence suggests amygdala and ACC grey matter are more vulnerable to adulthood stress following childhood maltreatment, while the impacts of childhood maltreatment and adulthood stress on emotion induced functional reactivity of the ACC are independent.
Our primary aim was to test the utility of the cumulative stress and mismatch hypotheses in modelling hippocampal, amygdala and ACC structure and function. Our secondary aim was to extend research on the interaction of childhood and recent stress to individuals in the early stages of mental disorder. Given the instability and high co-morbidity of psychiatric diagnoses in young people [Hafner et al., 2008] , we followed the Research Domain Criteria recommendations of the National Institute of Mental Health [Cuthbert and Insel, 2013] and recruited a wide range of individuals from a specialised mental health clinic for young people. The advantages of using this trans diagnostic approach in research, in contrast to categorical diagnostic grouping, are discussed at length elsewhere [Casey et al., 2013 , Cuthbert, 2014 , Cuthbert and Insel, 2013 . Thirdly, we wished to ascertain whether variability in childhood trauma neuroimaging research stems from differences in recent stress. For example, childhood maltreatment has been linked to both increased and decreased amygdala volumes in adults [Aas et al., 2012 , Cisler et al., 2013 , Dean et al., 2014 , Frodl et al., 2010 , Pechtel et al., 2013 , Aust et al., 2014 , Hoy et al., 2012 , Veer et al., 2015 . To do so, we designed a study in line with the proposal of Nederhof and Schmidt [2012] . Sixty-four young people were split into four groups depending on exposure to childhood sexual or physical abuse (present/absent) and number of recent stressful events (high/low). Childhood sexual and physical abuse are particularly pervasive forms of childhood maltreatment. They have been associated with greater grey matter reductions [Paquola et al., 2016] and greater internalising problems [Pears et al., 2008] , compared to other forms of childhood maltreatment. We assessed the independent and interactive effects of childhood abuse and recent stressful events on hippocampal, amygdala and ACC grey matter and resting state functional connectivity (rsFC), as well as psychiatric symptoms. We hypothesised, in line with Kuo et al. [2012] and Woodward et al. [2013] , that grey matter volumes would be most reduced in individuals with childhood abuse and high levels of recent stressful events. We expected to detect abnormal ACC rsFC in individuals with childhood abuse and/or high stress, however, we did not expect to r Paquola et al. r r 2710 r observe an interaction of childhood abuse and recent stress (in line with Herringa et al. [2013] ). Finally, in support of the cumulative stress model, we expected psychiatric symptoms to be most severe in individuals with the greatest life stress.
METHOD Participants
Sixty-four young people (43 women, age range 5 14-26 years) were recruited from a specialised clinic (headspace) for assessment and early intervention of mental health problems in young people [Scott et al., 2012] at the Brain & Mind Centre, Sydney, Australia. Inclusion criteria were a history of moderate-severe childhood physical and/or sexual abuse, or no history of childhood maltreatment. All patients were receiving clinician-based case management and relevant psychosocial interventions at the time of assessment. Primary diagnoses (as determined by a trained research psychologist via DSM-IV criteria) included depressive disorder (n 5 34), bipolar disorder (n 5 15), psychotic disorder (n 5 7) and anxiety disorder (n 5 8). Seventy-five percent of the participants presented with comorbid axis-1 psychiatric diagnoses. To better characterise participants, we have noted the presence of any mood disorder, psychosis disorder or anxiety disorder in Table I . Patients who were treated with psychotropic medications were assessed under 'treatment as usual' conditions, that is, medications were not interrupted in any way. At the time of assessment 29.7% of patients were not taking any psychotropic medications, 51.6% were taking a second-generation antidepressant, 14.1% were taking mood stabilising medication and 23.4% were taking an atypical antipsychotic medication (Table I) . Exclusion criteria for all participants were medical instability (as determined by a psychiatrist, on the basis stability of treatment and symptoms), history of neurological disease (e.g. tumour, head trauma, epilepsy), medical illness known to impact cognitive and brain function (e.g. cancer, electroconvulsive therapy in the last 3 months), intellectual and/or developmental disability (a predicted IQ score < 70), insufficient English for testing or psychiatric assessment, and current substance dependence. The study was approved by the University of Sydney Human Research Ethics Committee and all participants gave written informed consent.
Clinical Assessment
The Childhood Trauma Questionnaire (CTQ) short form, a retrospective self-report questionnaire, was used to measure exposure to maltreatment prior to the age of 16 [Bernstein et al., 1997] . The CTQ separately assesses experiences of sexual abuse, physical abuse, emotional abuse, physical neglect and emotional neglect, using a rating system along a five point Likert scale from 1 (never true) to 5 (very often true). Each participant produces a score from 5 to 25 for each subscale, and an additive score from 25 to 125 for total CTQ. Moderate-severe cut-offs for each subscore were used to classify the presence of childhood maltreatment [Bernstein et al., 1997] ; sexual abuse 8, physical abuse 10, emotional abuse 13, physical neglect 10 and emotional neglect 15. Recent stressful events were measured with a brief checklist of threatening experiences [Brugha and Cragg, 1990] . Participants were asked (141360) 1472616 (173062) 1455437 (146439) 1511983 (116276) ns Mean (standard deviation) or n provided where relevant. F, DoF and r are presented for contrasts in which P < 0.05 FDR corrected. Legend: noCM: no childhood maltreatment. CA: childhood abuse. LS: low stress. HS: high stress. CTQ: Childhood trauma questionnaire. ns: not significant.
r Neurobiological Impacts of Childhood Abuse and Stress in Youth r r 2711 r to indicate (yes/no) whether they had experienced each of the twelve life events in the past 12 months. In addition, a trained research psychologist conducted a clinical assessment (in a semi-structured interview format) to inform the diagnostic classification and to determine the nature and history of any mental health problems. The assessment included the Hamilton Depression Rating Scale (HDRS, 17-item) [Hamilton, 1967] to quantify current (over the last seven days) mood symptoms, the Brief Psychiatric Rating Scale (BPRS) [Overall and Gorham, 1962] to quantify current general psychiatric symptoms, the Kessler-10 (K-10) [Kessler et al., 2002] , a brief instrument designed to detect psychological distress [Andrews and Slade, 2001] and the Overall Anxiety Severity and Impairment Scale (OASIS), a brief continuous measure of anxiety-related severity and impairment [Norman et al., 2006] .
Magnetic Resonance Imaging Acquisition
Participants underwent MRI scanning using a 3-Tesla GE MR750 Discovery scanner (GE Medical Systems, Milwaukee, WI) at the Brain & Mind Centre, Sydney, Australia. From each participant we acquired a high resolution structural image (Customized MP-RAGE 3D T1-weighted sequence (0.9 mm isotropic resolution): repetition time (TR) 5 7264ms; echo time (TE) 5 2784ms; flip angle 5 15 ; coronal orientation; field of view (FOV) 5 230 3 230 mm; matrix of 256 3 256; total slices 5196) and resting state BOLD data (Echo planar imaging sequence: TR 5 3000 ms; TE 5 36 ms; slice thickness 5 3.0 mm; flip angle 5 908; FOV 5 240 3 240mm; matrix 5 64 3 64; total slices 5 20, total volumes 5 273). Participants were instructed to rest comfortably with eyes closed without moving or falling asleep for the duration of the scans.
Structural Imaging Analysis
Volumetric analyses were performed using FMRIB Software Library (FSL) v5.0 [Smith et al., 2004] . Bilateral amygdalae and hippocampi were selected as regions of interest (ROI) based on extant literature and measured using FIRST software on T1-weighted images [Patenaude et al., 2011] . Firstly, images were registered to MNI152 standard space using FMRIB's Linear Image Registration Tool (FLIRT). Then, the surface mesh of each subcortical structure was extracted and transformed back to original MRI space, filled and boundary corrected. Boundaries were visually inspected for gross errors. Additionally, total intracranial volume was estimated using SIENAX [Smith et al., 2002] . The process involved extraction of brain and skull images from a single whole head T1 weighted image, registration of the brain image to MNI152 standard space and tissue type segmentation with partial volume estimation. Finally, the volume of each structure for each subject was calculated in cubic millimetres and exported into SPSS 21.0 [SPSS Corp., 2012] .
FreeSurfer version 5.1 (http://surfer.nmr.mgh.harvard. edu/) was used to obtain cortical thickness measurements. ACC thickness (instead of volume) was measured to make results comparable to extant literature. Processes included motion correction and averaging of two volumetric T1-weighted images [Reuter et al., 2010] , removal of nonbrain tissue [Segonne et al., 2004] , alignment of scans to Talairach space, segmentation of the deep grey matter volumetric structures [Fischl et al., 2002 , intensity normalization [Sled et al., 1998 ], tessellation of the grey matter/white matter boundary, topology correction [Fischl et al., 2001 , Segonne et al., 2007 and surface deformation to optimally place the grey/white and grey/ cerebrospinal fluid borders [Dale et al., 1999 , Dale and Sereno, 1993 , Fischl and Dale, 2000 . Resulting cortical representations underwent surface inflation [Fischl et al., 1999a] , registration to a spherical atlas to align individual cortical folding patterns with group cortical geometry [Fischl et al., 1999b] , parcellation of the cortex into gyral and sulcal features [Desikan et al., 2006b and creation of cortical thickness statistical maps, calculated as the closest distance from the grey/white boundary to the grey/CSF boundary at each vertex on the tessellated surface [Fischl and Dale, 2000] . All images were visually inspected and any inaccuracies in segmentation and parcellation were manually edited. Finally, thickness measurements of bilateral rostral ACC (rACC) and caudal ACC (cACC) were extracted for each individual and exported to SPSS Version 21.0 [SPSS Corp., 2012] .
Functional Imaging Analysis
Image preprocessing was performed using the Statistical Parametric Mapping (SPM12) software package (Wellcome Department of Imaging Neuroscience, London, UK; www. fil.ion.ucl.ac.uk/spm). Functional images were subjected to slice timing correction and motion realignment before being co-registered to the structural image. Then both structural and functional scans were normalised to MNI space and resampled into a 2 3 2 3 2 mm 3 voxel size. Segmentation was performed on the normalised structural image to yield grey matter, white matter and cerebrospinal fluid masks. Functional images were then smoothed using 8 mm full-width at half-maximum Gaussian.
Functional connectivity was measured via a seed-based correlation method within the CONN-fMRI functional connectivity toolbox [Whitfield-Gabrieli and Nieto-Castanon, 2012] . To mitigate the impact of movement and physiological noise confounds the CONN-fMRI toolbox utilises anatomical component correction to regress principal components of white matter and cerebrospinal fluid from the BOLD time series at a voxel level before the resultant residual time-series are band-pass filtered (0.008 < f < 0.09 Hz). Seed regions were defined as the left hippocampus, right hippocampus, left amygdala, right amygdala, left rACC, right rACC, left cACC and right cACC (Fig. 1) . Seed regions were masked using r Paquola et al. r r 2712 r automated anatomical labelling [Desikan et al., 2006a , Tzourio-Mazoyer et al., 2002 ]. Pearson's correlation coefficients were generated between the seed region time series and the time series of all other voxels, and converted to normally distributed z-scores for second level general linear model analyses (described in the following section). Following statistical analysis, we extracted the z standardised correlation coefficients of each significant seed-to-voxel cluster pair for each participant. The correlation coefficients were exported to SPSS Version 21.0 [SPSS Corp., 2012] to estimate effect sizes and exported to GraphPad Prism [GraphPad, 2014] to illustrate group level effects (Fig. 3) .
Data Analysis
Participants with moderate-severe childhood physical and/or sexual abuse were classed as the child abuse group (CA). Participants below the moderate-severe cut-off on all five subscores of the CTQ were classed as the no childhood maltreatment group (NoCM). Next, both the CA and NoCM groups were mean split into low recent stress (LS) and high recent stress (HS) groups based on the number of threatening life events experienced in the past year. As a preliminary analysis, we compared age, gender, diagnosis, illness duration, medication use, CTQ scores, number of recent stressful events and intracranial volume across groups using a one-way ANOVA. Significant effects were further investigated with post hoc pairwise comparisons. We performed four statistical tests within general linear models to determine the relationship of clinical outcomes, grey matter and rsFC with childhood abuse and recent stress: (i) Main effect of childhood abuse (NoCM vs CA); (ii) Main effect of recent stressful events (LS vs HS); (iii) Cumulative stress hypothesis (main effect of the sum term of z standardised total CTQ and z standardised number of recent stressful events) and (iv) Mismatch hypothesis (NoCM-LS and CA-HS vs NoCM-HS and CA-LS). Age, gender, diagnosis, medication use and, in grey matter analyses, intracranial volume were entered as covariates in each analysis.
For clinical analyses, contrasts were considered significant if P < 0.05 following False Discovery Rate (FDR) correction across the four clinical outcomes (HDRS, BPRS, K10 and OASIS) and the four tests. For structural analyses, contrasts were considered significant if P < 0.05 following FDR correction across the eight ROIs and the four tests. In each case, FDR correction for multiple comparisons was performed within R Studio [ R Team, 2015] using the method outlined by Benjamini and Hochberg [1995] . For rsFC analyses, we used conservative thresholds of P <0.001 for height (based on Bonferroni adjustment for eight seed regions and four tests) and P < 0.05 FDR corrected for cluster size. Pearson's r values were used as a measure of effect size.
RESULTS

Participant Characteristics
Demographic characteristics of the participants are reported in Table I . The four groups did not differ significantly in terms of age, gender, diagnoses or medication use. Greater depressive symptoms (HDRS), general psychiatric symptoms (BPRS), current distress (K10) and anxiety symptoms (OASIS) were associated with higher levels of combined childhood abuse/ recent stress (Table II, Fig. 2 ). Additionally, childhood abuse was associated with significantly worse clinical outcomes (Table II) , and high recent stress was associated with greater depressive and general psychiatric symptoms (Table II) .
Structural Imaging
CA and NoCM groups did not significantly differ in terms of amygdala volume, hippocampal volume or ACC thickness (Table II) . Subjects reporting HS had approximately 7% thinner right rACC compared to subjects reporting LS (Table II) . Individuals with mismatched childhood and recent stress levels (NoCM-HS and CA-LS) had approximately 9% smaller left hippocampal volume compared to individuals with matched childhood and recent stress levels (NoCM-LS and CA-HS, Table II ).
Functional Imaging
Seed-to-voxel functional connectivity analyses were performed from each ROI (Fig. 1) . Childhood maltreatment groups did not differ significantly in terms of rsFC from any ROI to any cluster of voxels. Compared to LS groups, (171) 1410 (257) 1347 (178) 1380 ( (186) 1473 (283) 1337 (193) 1368 ( (396) 3565 (460) 3263 (457) 3730 ( (429) 3957 (556) 3618 (411) 3864 (295) Table III ). Cumulative stress was not significantly related to rsFC from any ROI to and any cluster of voxels. Mismatched groups had greater rsFC between bilateral rACC and the left hippocampus, compared to matched groups ( Fig. 3 row 2 , Table III ). Additionally, several rsFC pathways from ACC seeds to bilateral ventrolateral prefrontal cortex (vlPFC) and the right supramarginal gyrus were reduced amongst mismatched groups, compared to matched groups (Fig. 3 row 3 , Table III ).
DISCUSSION
This is the first study to investigate the interaction of childhood abuse and recent stress on brain structure and function in young people. We endeavoured to understand how the cumulative stress and mismatch theories align with human neuroimaging research. In doing so, we provide support for a cumulative stress explanation of clinical symptoms and a mismatch explanation of right hippocampal volume and prefrontal rsFC. We hypothesise, as an extension of Nederhof and Schmidt's [2012] integrated model, that the dichotomy between the observed effects is related to the differential sensitivity of brain-behaviour systems to early life programming. Mismatched early life and later life environments may be most problematic for systems with high sensitivity to early life programming, such as stress induced DNA methylation [Provençal and Binder, 2015] . In the hippocampus, for example, human and rodent studies have shown early life stress is associated with DNA methylation of promotors involved in stress reactivity (NR3C1; [McGowan et al., 2009 , Suderman et al., 2012 ), synaptic plasticity (protocadherins; [Suderman et al., 2012] ) and neuronal differentiation (retinoic acid receptor a; [Boku et al., 2015] ). On the other hand, systems with low sensitivity to early life programming are more likely to experience continuous wear and tear due to repeated use of adaptive responses to stress [Lupien et al., 2015] .
Our clinical data was suggestive of greater lifetime stress being related to greater depressive, general psychiatric, distress and anxiety symptoms. Similarly, Kuhn et al. [2015] found that the additive effect of childhood maltreatment and a greater number of recent stressful events was related to increased depressive and anxious temperament in a sample of 1158 healthy young adults. Our findings support and extend upon this work by showing that the cumulative effect of stress on psychiatric symptoms is also evident in a real-world clinical setting. Our results, like those of Kuhn et al. [2015] , are correlative in nature however and causal relations are difficult to determine. Although our neuroimaging data did not support the cumulative stress hypothesis, greater life stress has been associated with enhanced stressinduced prefrontal-limbic-striatal BOLD response [Seo et al., 2014] and decreased prefrontal BOLD response during emotion regulation [Kim et al., 2013] . Future studies should investigate whether task-oriented brain function mediates the effect of cumulative stress on psychiatric symptoms.
Young people with mismatched childhood and recent stress levels were shown to have abnormal rsFC in pathways responsible for social and cognitive functioning. The ACC, vlPFC and supramarginal gyrus (as part of the posterior parietal cortex) are important nodes of the brain's social cognition network [Satpute and Lieberman, 2006] . The communication of these regions, alongside the medial temporal lobe and medial prefrontal cortex, is important for self-reflection and self-agency. Reduced rsFC of the ACC with the vlPFC and supramarginal gyrus, as reported in the mismatched groups, may reflect downregulation of this system, and has been specifically linked to worse metacognitive abilities elsewhere [Baird et al., 2013] . In addition, precise communication of the ACC with the hippocampus is necessary for effective learning. Greater rsFC between the rACC and hippocampus has been shown to predict worse learning transfer [Gerraty et al., 2014] and has been associatied with greater difficulty in integrating novel information [van Kesteren et al., 2010] . In sum, reduced rsFC between the ACC and vlPFC combined with enhanced rsFC between the ACC and the hippocampus may provide the neural basis for decreased sociality and hippocampal memory, as has been detected in rodent models of the mismatch hypothesis [Ricon et al., 2012 , Santarelli et al., 2014 . Furthermore, the mismatch hypothesis may be especially applicable to social and cognitive brain networks due to their high sensitivity to programming in early life [Marquez et al., 2013 , Tzanoulinou et al., 2014 .
A mismatch of childhood and recent stress levels was also related to abnormalities in hippocampal structure. This may reflect adaptive programming following childhood abuse, in which hippocampal grey matter is primed for high stress. Preclinical research has shown hormones [Renard et al., 2010 , Renard et al., 2007 , cell adhesion Kooij et al., 2015] and epigenetic modifications [Kinnally et al., 2011] mediate the hippocampus' stress sensitivity following early life adversity.
Interestingly, childhood abuse has been repeatedly linked to smaller hippocampal volumes in adults from 18 to 50 years of age [Andersen et al., 2008 , Bremner et al., 1997 Each row represents a distinct effect of childhood abuse and/or recent stress on resting state functional connectivity (rsFC). Brains are presented in neurological convention with red representing seeds and blue signifying clusters in which rsFC with a seed region was significantly related to childhood abuse and/or recent stress. In the graphs, columns represent group average z scores of specific seed-to-voxel cluster rsFC, with 95% confidence intervals. Row 1: High recent stress was associated with enhanced rsFC of (column i) left cACC-left pre/postcentral gyri and (column ii) left cACC-right pre/postcentral gyri. Row 2: Mismatched child and adult stress levels was associated with enhanced rsFC of (column i) right rACC-left hippocampus and (column ii) left rACC-left hippocampus. Row 3: Mismatched child and adult stress levels was associated with decreased rsFC of (column i) right rACC-left vlPFC, (column ii) right rACC-right vlPFC, (column iii) right cACC-right supramarginal gyrus, (column iv) left rACC-right vlPFC, (column v) left cACCright supramarginal gyrus. LS:low recent stress. HS: high recent stress. [Color figure can be viewed at wileyonlinelibrary.com] Bremner et al., 2003 , Sala et al., 2011 , Stein et al., 1997 , Vythilingam et al., 2002 , Weniger et al., 2008 but in our study no main effect of childhood abuse was noted. Additionally, in psychosis cohorts, a clear association of childhood maltreatment with hippocampal volume has not been detected [Hoy et al., 2012 , Sheffield et al., 2013 . Our study may shed some light on this discrepancy (despite diagnosis not affecting the findings). One possible explanation stems from individuals with psychotic disorders experiencing high levels of trauma [Beards et al., 2013] . Thus, individuals with psychosis may align with the HS groups of our study. In contrast, previous studies which have reported an association of childhood abuse with decreased hippocampal volume may have been primarily composed of individuals with low levels of recent stress. At this point, such an assertion is speculative and further testing of groups matched for psychiatric diagnosis and recent stress is necessary.
In line with Woodward et al. [2013] , we found that high recent stress was associated with reduced ACC thickness amongst individuals with childhood maltreatment and that ACC thickness was not related to recent stress amongst individuals without childhood maltreatment. This pattern of results is suggestive of enhanced vulnerability of ACC grey matter to adulthood stress following childhood trauma. Admon et al. [2013b] postulated that reduced rACC following adulthood trauma represents a risk factor for posttraumatic stress disorder. The rACC also plays a central role in emotion regulation [Etkin et al., 2011] , and decreased rACC grey matter is associated with anxiety disorders [Shin and Liberzon, 2010] and depressive symptoms [Chen et al., 2007; Lim et al., 2012 , Webb et al., 2014 . Given this evidence, abnormal structural remodelling of the rACC in response to stress in CA individuals may underpin enhanced psychiatric vulnerability. To our knowledge, no study has investigated the interaction of childhood trauma on ACC grey matter and subsequent mental health (as has been tested longitudinally in the hippocampus by Rao et al. [2010] ).
We detected an association between high recent stress and enhanced rsFC of the cACC with the precentral gyrus. However, this finding contradicts a previous study. Kennis et al. [2015] found that combat exposure was related to reduced rsFC of the cACC and the precentral gyrus, which they proposed was related to motor cortex development following military training. Although our sample differs in numerous ways from the aforementioned study in the type of recent stress experienced, age, gender ratio and psychiatric morbidity, further research is required to understand this anomalous finding.
One limitation of this study is the small size of the four groups. Future studies require larger sample sizes, especially to investigate disorder specific effects. The psychiatric heterogeneity of this cohort is reflective of the clinical service from which participants were recruited [Scott et al., 2012] . However, due to the novelty of this study and the large representation of mood disorders in the cohort, it is difficult to eliminate any potential influence of diagnosis. Replications in other psychiatric cohorts and healthy cohorts are essential to validate the generalizability of these findings. Additionally, the retrospective nature of the CTQ could lead to misrepresentation of childhood maltreatment. The CTQ is a widely used and an effective research tool for cross sectional studies, however, and has been shown to be equally valid to psychiatrist led interviews [Bernstein et al., 1997 , Karos et al., 2014 , Spinhoven et al., 2014 . Third, susceptibility to early life programming differs greatly between individuals [Ellis et al., 2011] , and as such genetic susceptibility should be explored in the future. 
CONCLUSION
These results show specific utility of the cumulative stress hypothesis in relation to psychiatric symptoms while the mismatch hypothesis appears to relate to social and cognitive brain systems with high sensitivity to early life programming. These findings highlight the necessity of community-based and clinical programs that reduce stress and improve coping abilities in individuals with a history of childhood abuse, particularly those with major psychiatric disorders. Additionally, the sensitivity of prefrontalhippocampal networks to stress could be mediated by early intervention social and cognitive training. We hope future studies can continue this avenue of research with the inclusion of genetic susceptibility, which is a key component of the Nederhof and Schmidt [2012] model, as well as longitudinal designs and balanced clinical interventions for fuller characterisation of the effects.
